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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to fiber optic telecommu- 
nication transport networks, and more particularly to a 
path switched ring with shared protection capabilities for 
providing survivability of traffic in the event of network 
failure. 

Background Art 

[0002] Increasing the transmission capacity of a net- 
work is of a major interest to network providers. This is 
currently done by increasing the transmission rate using 
TDIVI (time division multiplexing), or/and using the WDM 
(wavelength division multiplexing) or dense WDIVI 
(DWDM) techniques. 

[0003] Some terms pertaining to transport networks 
are defined next. 

[0004] An add/drop multiplexer (ADM) is a network el- 
ement that combines and separates a plurality of client 
signals, each carried in a predetermined time-slot, for 
TDM or by a wavelength/channel, for D/WDM. An ADM 
directs the electrical variant of the optical multichannel 
signal according to its destination to a local user (a drop 
signal), or to a remote user (passthrough or express sig- 
nal). Add signals may be inserted at the respective ADM 
node of the network, also in an electronic format. Optical 
ADMs are also available, and preferably used in D/WDM 
networks. 

[0005] SONET/SDH (Synchronous Optical Network/ 
Synchronous Digital Hierarchy) is a physical layer 
standard for fiber-optic transmissions. SONET defines 
the transmission of synchronous and isochronous infor- 
mation over fiber-optic networks. 
[0006] Ring topologies are the preferred method of 
providing survivability in fiber-optic telecommunications 
transport networks, such as SONET. Survivability is the 
capability of the transport network to restore traffic in the 
event of a network failure, such as a fiber cable cut. In 
a ring, there are at least two diverse paths for accom- 
modating traffic in opposite directions between any two 
points on the ring. In the event of a failure preventing 
traffic from traversing any point on the ring, the affected 
traffic can be rerouted the other way around the ring to 
avoid the failure point. This is known as protection 
switching. 

[0007] The physical layer of SONET is modelled on 
three major entities, transmission path, multiplex sec- 
tion and regenerator section, each layer requiring the 
services of all lower layers to perform its own function. 
These layers correspond to SONET path, line and sec- 
tion connections. 

[0008] The path layer deals with establishing a con- 
nection between two nodes of interests, for transporting 



services, such as DS1 or DS3. Such a node is called 
path terminating node, and could be ADMs or terminals 
serving routers, bridges, PBXs or switches. The servic- 
es and the path-specific information, including path in- 

5 tegrity information are mapped into the format required 
by the line layer, which is called STS-1 frame. 
[0009] The line layer provides synchronization and 
multiplexing for the path layer. A line is a portion of the 
transmission facility between two consecutive nodes 

10 provided with line terminating equipment (LTE). The 
LTEs could be add-drop multiplexers or terminals (TM) 
and the multiplexed frame comprises interleaved STS- 
1s and line-specific information, including line integrity 
information. 

15 [0010] The section layer deals with the transport of 
multiplexed signals across a physical medium. 
[0011] The term "normal mode of operation" refers to 
the operation of the ring of the present invention when 
all connections between the ring nodes are un-interrupt- 

20 ed and the node operated without fault. The term "failure 
mode of operation " or "protection switched" or 
"switched" refers to the operation of the ring when the 
connection between some ring nodes is interrupted due 
to a cable cut or a node failure. 

25 [0012] The term "working" refers to the routes and 
equipment involved in carrying the traffic during the nor- 
mal mode of operation, and the term "protection" refers 
to the routes and equipment involved in carrying the traf- 
fic during the failure mode of operation. The terms "uni- 

30 directional" and "bidirectional" protection switching refer 
to modes of the protection protocol and should not be 
confused with the terms "unidirectional" and "bidirec- 
tional" connections. 

[0013] Currently, two types of SONET/SDH rings are 
35 used, namely, unidirectional path switched rings (UP- 
SR), and bidirectional line switched rings (BLSR). Each 
type of ring has its own advantages and disadvantages 
[001 4] The operation of U PSRs is standardized by the 
Bellcore GR-1400-CORE standard, and there are 
40 SONET OC-3/12 products available. The UPSR uses 
integrity information carried across the traffic connection 
to trigger a protection switching. The mechanism oper- 
ates independently on each path across the ring and has 
the key advantage that it is not dependent on a multiplex 
45 frame with its own integrity information, i.e., it operates 
well as long as each connection carries its own integrity 
information. 

[0015] The key disadvantage of the UPSR is that it 
requires a dedicated protection channel around the ring 

50 for each working channel. One bi-directional protected 
connection uses one entire timeslot or wavelength all 
the way around the ring in both directions. Thus, a SON- 
ET OC-12 UPSR can support 12 connections, and a 16 
wavelength LPSR can support 16 connections, regard- 

55 less of the connectivity pattem. 

[0016] The BLSR are currently used in the backbone 
networks and therefore they are built for higher SONET 
rates, such as OC-48, OC-1 92. Switching is done at the 
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SONET line layer. The operation of BLSRs is standard- 
ized by the BellCore GR-1230-CORE standard, and 
there are OC-12/48 products available. The BLSR has 
the advantage of shared protection. IVIultiple connec- 
tions can reuse the same timeslot or wavelength on the 
ring, as long as the connections do not overlap on any 
part of the ring. This has significant cost advantages 
when the connectivity pattern is highly meshed, i.e. 
when each node is connected with a plurality of other 
nodes of the ring. In order to do this, the BLSR uses the 
integrity information carried in a multiplex flame to trig- 
ger protection activity. 

[0017] However, this multiplex flame is a disadvan- 
tage in WDIVI rings, which inherentlyconsistof a number 
of independent wavelengths. In addition, the BLSR 
switches all channels simultaneously at the nodes ad- 
jacent to the failure. This is also a disadvantage in WDIVI 
(Wavelength Division IVIultiplex) rings because it implies 
the need for optical switches, which are not yet a cost- 
effective component for such systems. 

SUMMARY OF THE INVENTION 

[0018] An object of the invention is to alleviate totally 
or in part the above-mentioned disadvantages of the pri- 
or art. 

[0019] According to a first aspect of the present inven- 
tion, there is provided a fiber optic communications sys- 
tem comprising a plurality of nodes arranged in a ring, 
multiplexing means for establishing a plurality of chan- 
nels on said ring, means at said nodes for adding/drop- 
ping channels allocated thereto to permit non-overlap- 
ping connections between pairs of end nodes allocated 
to the same channel, means for establishing a shared 
protection channel around said ring for each allocated 
worl<ing channel, and means at said end nodes for 
transferring traffic to said protection channel on a per- 
connection basis in the event of a fault on any connec- 
tion between a pair of nodes. 

[0020] In a preferred embodiment, a number of ADM 
nodes are connected in a closed loop called a ring. The 
interconnection between adjacent nodes preferably 
comprises two optical fibers, each carrying traffic in one 
direction. Each fiber carries a number of channels that 
are multiplexed together onto the fiber. The multiplexing 
method may be TDIVI (time-division multiplexing) where 
each connection is allocated atime-slot, or WDM (wave- 
length-division multiplexing), where each connection is 
established on a different wavelength, or any other mul- 
tiplexing method. 

[0021] The connections can define a mesh structure 
between pairs of adjacent or nonadjacent nodes reusing 
the same channels between certain nodes, so long as 
the connections do not overlap, i.e. there cannot be 
more than one connection sharing the same channel on 
the same segment of the ring. 

[0022] The novel ring structure embodies a surviva- 
bility mechanism that combines the advantages of the 



UPSR and the BLSR, providing a solution that has par- 
ticular value in WDM rings, but can be applied to TDM 
rings such as SONET/SDH rings. Switching is per- 
formed end-to-end on a per connection basis as in the 

5 UPSR, but there is no need for a multiplex frame, while 
providing the benefits of shared protection. 
[0023] The invention offers a cost-effective means of 
addressing highly meshed traffic patterns in metropoli- 
tan interoffice WDM rings. 

10 [0024] The switching around the ring can be coordi- 
nated using a modified SONET/SDH BLSR-type proto- 
col. 

[0025] According to a further aspect of the invention, 
there is provided a method of operating a fiber optic 
15 communications system having a plurality of nodes ar- 
ranged in a ring, comprising the steps of: 

selecting at least a first and a second pairs of nodes 
and establishing afirst-type corresponding first and 
20 second non-overlapping connection on said ring; 

establishing a shared protection connection around 
said ring for said first type non-overlapping connec- 
tions; and transferring traffic from said first connec- 
tion to said protection channel, in the event of a fault 
25 on said first connection 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The foregoing and other objects, features and 
30 advantages of the invention will be apparent from the 
following more particular description of the preferred 
embodiments, as illustrated in the appended drawings, 
where: 

35 Figure 1 shows an example of a fiber optic ring with 
bi-directional connections; 

Figure 2 shows a protection switching scenario for 
a BLSR; 

Figure 3 shows a path switched shared protection 
40 ring (PSSPR) in accordance with the principles of 
the invention; 

Figure 4 shows a first protection switching scenario 
for the PSSPR of Figure 3; 

Figure 5 shows a second protection switching sce- 
45 nario for the PSSPR); 

Figures is a blockdiagram ofanodeof the PSSPR 
in normal mode of operation; 
Figure 7 shows the configuration of a PSSPR node 
in a passthrough mode; 
50 Figure 8 shows the configuration of a PSSPR node 
with a failure on the West side; and 
Figure 9 shows the configuration of a PSSPR node 
with a failure on the East side. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0027] Figure 1 shows an optic fiber ring 1 comprising 
five ADM nodes 10, 12, 14, 16 and 18 connected over 
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fibers 20 and 22 in a ring configuration. Each fiber car- 
ries a number of cliannels that are multiplexed together 
onto the fiber. Connections are established the between 
pairs of nodes, using for example TDM (time division 
multiplexing) or WDM (wavelength division multiplex- 
ing) techniques. Bidirectional connections may be es- 
tablished between any two ADM or terminal nodes, in 
which case each node of the pair adds/drops signals 
from/to a local service platform to/from another node, 
over that connection. If a node is not a terminal node 
with respect to a given connection, it passes through the 
signals not addressed to it. 

[0028] In order to establish a connection between two 
nodes, there must be a channel/timeslot available along 
the entire route between the two nodes. If one channel/ 
timeslot is being used on some parts of the path for an- 
other connection, then another channel/timeslot must 
be chosen. However, a channel/timeslot can be reused 
for two different connections, as long as those connec- 
tions do not overlap on any part of the ring. 
[0029] The term "channel" is used in general in this 
specification for designating the type of connection be- 
tween two nodes, since the preferred application of the 
present invention is to WDM rings. However, this inven- 
tion is equally applicable to TDM rings, and in such a 
configuration, this term should be interpreted as "time- 
slot" . 

[0030] In this specification, the terms "first-type" and 
"second-type" describing a connection refer to a WDM 
or a TDM type connection, while the term "first class" 
and "second class" in connection with the traffic on a 
certain connection refers for example to SONET traffic, 
Ethemet traffic, etc. 

[0031] As shown in Figure 1, a bidirectional connec- 
tion 24, 26 is established on a first bidirectional channel 
X between nodes 10 and 14, and an additional bidirec- 
tional connection 28, 30 is established on the same bi- 
directional channel X between nodes 16, 18. As indicat- 
ed above, channel X represents a particular wavelength 
in a WDM system or a particular time-slot in a TDM sys- 
tem, and is illustrated in solid lines on Figure 1. 
[0032] Another bidirectional connection 32, 34 is es- 
tablished on another channel, lets say channel Y be- 
tween nodes 10 and 16. Channel Y has a different wave- 
length than channel X and is illustrated in dotted lines 
on Figure 1 . 

[0033] It is to be noted that connections 32, 34 can 
overlap connections 28, 39, because they are carried 
on different channels X, Y. This is shown on the span 
between nodes 16 and 18. On the other hand, connec- 
tions 24, 26 and 28, 30, are carried on the same channel 
X and therefore must not overlap. 
[0034] Figure 2 illustrates an example of how a BLSR 
2 operates in case of a protection switching operation. 
In a BLSR each fiber carries working and protection sig- 
nals in alternate timeslots, in one direction of fiber 20 
and respectively in the opposite direction on fiber 22. 
Each node 10, 12, 14, 16, and 18 monitors the incoming 



multiplex frame to evaluate integrity information. When 
a failure occurs, as shown for example between nodes 
10 and 12, nodes 10 and 12 adjacent the failure detect 
the break (a loss of signal), and change their operating 

5 state accordingly, they also inform the remaining nodes 
of the failure, so that the nodes operate accordingly. 
[0035] Namely, for the direction from node 14 to node 
10 shown by full line 24, node 12 detects the failure and 
switches the traffic form the working slots on fiber 22, 

10 into the protection time-slots on fiber 20, shown in dash- 
dotted line 37. The traffic passes through nodes 14, 16, 
and 18 and arrives at the destination node 10 in the pro- 
tection time-slots. Destination node 10 assumes a 
bridged state and drops the traffic from fiber 20, rather 

15 than from fiber 22. For the opposite direction, node 10 
inserts the traffic, normally added in the working time- 
slots on fiber 22, into the protection time-slots on fiber 
20. The traffic for node 14 travels through nodes 18, 16, 
1 4 to node 1 2, where frames are switched from the pro- 

20 tection time-slots on fiber 22 to the working time-slots 
on fiber 20, towards destination node 14. 
[0036] This can significantly increase the propagation 
delay, as in the protection switching scenario shown in 
Figure 2, traffic has to pass twice between nodes 12 and 

25 14. Node 14 is unaware of the failure in the BLSR be- 
cause only adjacent nodes 10 and 12 have that infor- 
mation. Also, nodes 10 and 12 have no visibility of per 
connection integrity information. As a result this mech- 
anism does not work well for WDM channels. 

30 [0037] Figure 3 illustrates a path switched shared pro- 
tection ring (PSSPR) 2 according to the invention. In this 
example there are two bidirectional connections using 
channel X, namely bidirectional connection 24, 26 be- 
tween nodes 10 and 14 and bidirectional connections 

35 28, 30 between nodes 16 and 18. channel provided for 
the ring of Figure 1 according to the invention. 
[0038] In order to protect against failures on the ring, 
such as fiber cable cuts, a protection connection, shown 
on Figure 3 as channel Z, is reserved for all connections 

40 that carry traffic on channel X. Since there is more than 
one connection on wavelength X, the protection channel 
Z is being shared. The protection channel is illustrated 
in dash-dotted line and designated with reference nu- 
merals 32, 34. This protection channel Z is provided all 

45 the way around the ring in both directions. Note that 
there would be a separate protection channel to protect 
against failures that affect connections on channel Y, 
etc. 

[0039] Figure 4 illustrates what happens when a fault, 
50 such as a break occurs between nodes 18 and 16. Since 
the connection between the nodes is not confined into 
a frame, the traffic between these nodes can be readily 
switched to connections 31, 33 on the protection chan- 
nel, and service resumes as normal while the fault is 
55 corrected. The traffic between nodes 10 and 14 on con- 
nections 24 and 26 is not affected by this protection 
switching operation. The only difference is that the end 
nodes 18 and 1 6 add/drop the traffic in/from the opposite 
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direction than that in the normal state of operation. 
[0040] Thus, for the add direction, node 16 inserts the 
traffic for node 1 8 towards East, on fiber 22, rather than 
towards West, on fiber 20. Also, for the drop direction, 
node 1 6 selects the traffic received from node 1 8 on fiber 
20 from the East direction, rather than the traffic re- 
ceived on fiber 22 from the West direction. Node 18 op- 
erates in a similar way. As such, the protection switching 
mode of operation is simplified, the terminal nodes for 
a respective connection being responsible with detect- 
ing the failure and selecting the traffic from the correct 
direction. This results in a simpler node configuration 
and faster protection times than in the prior art. 
[0041] Figure 5 show how the bidirectional protection 
connections 35 and 37 are used to protect against fail- 
ures that affect the fiber between nodes 10 and 12. As 
in the previous case, once the failure is detected, the 
terminal nodes insert the add traffic along the other fiber, 
and select the drop traffic from the other fiber than the 
fiber selected during the normal mode of operation. In 
this case, the ring node 10 selects the drop traffic re- 
ceived over channel Z from fiber 20, and inserts the add 
traffic over channel Z along fiber 22. Conversely, termi- 
nal node 1 4 inserts the add traffic for node 1 0 on channel 
Z along fiber 20, and selects the drop traffic arriving on 
channel Z from fiber 22. 

[0042] All ring nodes that add/drop from the affected 
channel, which is in this example channel X, must coor- 
dinate access to the corresponding protection channel, 
here channel Z. A communications path is provided 
around the ring to support a protection switching coor- 
dination protocol for this purpose. This is intuitively 
shown on Figure 5 by protection arbitrator (or protection 
monitor) 60, which is distributed between all the nodes 
that add/drop channel X, which are in the example of 
Figure 5, nodes 10, 14, 16 and 18. 
[0043] In other words, a ring node cannot arbitrarily 
switch its protection selectors upon detection of a fail- 
ure, because the ring node at the other end of the con- 
nection may not be observing any failure, or there may 
be another failure somewhere else on the ring such that 
other ring nodes are already using the protection chan- 
nel. All ring nodes that access a particular working chan- 
nel must communicate via a protection switching coor- 
dination protocol associated with the protection channel 
that protects the working channel. Nodes that do not ac- 
cess the working channel do not need to communication 
on the coordination protocol that controls access to the 
associated protection channel. 

[0044] The protocol and the method of communica- 
tion of the coordination protocol must have the following 
characteristics: 

The failure of the working connection between two 
nodes must not prevent the protection coordination 
protocol from operating properly. 
Since the protocol must take place before the pro- 
tection switch can be completed, the protocol and 



its communications channel must be fast enough to 
support objectives for protection switch completion 
times. 

The protocol must support the identification of the 
5 failed connection, or the two nodes on either end of 
the connection so that the right segment of the pro- 
tection channel is utilized. 

The protocol must support the ability to reject a pro- 
tection switch if the protection channel is already in 

10 use because of a priorfailure elsewhere on the ring. 
The protocol may support different priorities of fail- 
ures, either by assigning different levels of impor- 
tance to different connections, or by having different 
degrees of failure. This would allow an existing pro- 

15 tection switch to be preempted by another that has 
a higher degree of failure, or is protecting a more 
important connection. 

The protocol may support access to the protection 
channel by low priority connections when the pro- 
20 tection channel is not required for protection pur- 
poses. 

The protocol may support either revertive or non- 
revertive protection switching. In revertive protec- 
tion switching, the protection channel is released 
25 immediately or after some waiting period, when the 
failure has cleared. In non-revertive protection 
switching, the protection channel remains in use un- 
til another failure condition occurs requiring its use. 

30 [0045] This coordination protocol provides the bene- 
fits of shared protection while avoiding the need for a 
multiplex frame. 

[0046] All of the incoming channels at a node are also 
monitored to determine their integrity. This includes the 

35 incoming working and protection channels from both the 
West and East sides. The mechanisms used to deter- 
mine the integrity of the channel is not the object of the 
invention; it rather depends on the protocols goveming 
a specific type of data carried by the respective channel. 

40 As such, these mechanisms can be different for different 
channels. This is particularly advantageous if the WDM 
ring carries traffic with different protocols. 
[0047] For example, if one channel is carrying SONET 
traffic, then SONET integrity mechanisms can be used 

45 to determine the integrity of the channel for protection 
purposes. However, if another channel is carrying 
Ethemet, then Ethemet-based integrity mechanisms 
can be used to determine the integrity of that channel. 
Alternatively, physical layer (optical layer) integrity infor- 

50 mation, such as signal to noise ratio and optical receive 
power can be used regardless of whether the wave- 
length is carrying SONET or Ethernet. 
[0048] The integrity information may be processed 
separately by an integrity monitor, or the protection ar- 

55 bitrator 60 may carry out this processing. Since the way 
the integrity mechanism work is not relevant to this in- 
vention, these two types of functionality are illustrated 
as being provided by unit 60. 



20 



25 



5 



9 



EP 0 949 777 A2 



10 



[0049] If a node is accessing a cliannel, then it is nor- 
mally configured as shown in Figure 6. Figure 6 shows 
node 10 of PSSP ring 2 and the protection switching cir- 
cuitry at this ring node, for the example shown in Figure 
3. As such, the circuitry shown is for channel X which is 
add/dropped at node 10, and its associated protection 
channel Z. For consistency with recognized terminolo- 
gy, the term working channel (W) also designates chan- 
nel X, while the term protection channel (P) also desig- 
nates channel Z. Similar circuitry must be provided for 
all other channels (connections) for which this node has 
add/drop access. 

[0050] Node 10 is shown in a normal mode of opera- 
tion, i.e. there is no failure detected on connection X be- 
tween nodes 10 and 14. 

[0051] In the following, terms East and West are used 
to describe the direction of the traffic relative to a node 
under consideration, or the side of a node. It will be un- 
derstood that reference to East - West and West - East 
directions, or East and West sides does not imply any 
geographic orientation, but they are merely relative 
terms. 

[0052] Each ADIVI node, such as node 10 is equipped 
with a first East selector unit 31 , a first West selector unit 
33, a second East selector unit 35 and a second West 
selector unit 37 for each connection. These selector 
units select the respective add traffic and insert it on one 
of the working or protection connections, according to 
the state of the node. A West and an East add/drop in- 
terfaces 62 and 64 are provided to connect the node 10 
with a service platform 21. Each interface has an input 
port for receiving the respective Eastbound or West- 
bound drop traffic, and an output port for providing the 
respective Eastbound and Westbound add traffic. 
[0053] As shown in Figure 3, the traffic added at node 
10 travels on connection 26 along fiber 20 towards node 
14, while the traffic from node 14 arrives at node 10 on 
connection 24 along fiber 22. The protection channel Z 
passes through node 10 unchanged. As such, the first 
East selector unit 31 of Figure 6 routes the add traffic 
from service platform 21 along fiber 20 towards node 
14, andthesecond East selector unit 35 routes the drop 
traffic received from node 14 along fiber 22 to the service 
platform 21 . 

[0054] As in this example there is no add/drop traffic 
on the West side of node 10, and therefore the selector 
units on the West side only route the protection chan- 
nels. Thus, protection channel 34 is passed from the in- 
put of second West selector unit 37 to the output of the 
first East selector unit 31 , and the protection channel 32 
is passed from the input of second East selector unit 35 
to the output of first West selector unit 33. 
[0055] The first East selector unit 31 comprises a mul- 
tiplexer 42 connected to output fiber 20 and selectors 
58 and 56 connected to the service platform through 
add/drop interfaces 62 and 64. Similarly to the first East 
selector unit, the first West selector unit 31 comprises a 
multiplexer 46 connected to the output fiber 22, and se- 



lectors 48 and 50 connected to service platform through 
add/drop interfaces 62 and 64. 

[0056] The second East selector unit 35 comprises a 
demultiplexer 44, connected to input fiber 22, and a se- 

5 lector 54 connected to the service platform 21 through 
add/drop interfaces 62 and 64. Finally, the second West 
selector unit 37 comprises a demultiplexer 40, connect- 
ed to input fiber 20, and a selector 52 connected to the 
service platform through add/drop interfaces 62 and 64. 

10 [0057] The position of the selectors is intuitively illus- 
trated by a solid line connecting a respective input and 
output. Where no line is shown between the input and 
output, the selector is deemed not to route any signal. 
[0058] The working and protection channels are se- 

<5 lected by selectors 48, 50, 52, 54, 56, 58 under the con- 
trol of integrity monitor and protection arbitrator IMPA 
60, which sets the configuration of the node according 
to integrity information on the traffic. 
[0059] Thus, regarding traffic on fiber 20, associated 

20 with the West-East direction with respect to node 10, 
demultiplexer 40 separates the traffic arriving at node 
10 according to the wavelength, into working traffic 
(hereinafter called the W-E drop working traffic), and 
protection traffic (hereinafter called the W-E drop pro- 

25 tection traffic). 

[0060] The W-E drop working traffic is then directed 
to selectors 52 and 56 for routing according to the state 
of the node. In this case, W-E drop working traffic is di- 
rected by selector 52 to the West interface 62, and 

30 dropped to the service platform. Position of selector 56 
disallows W-E traffic to be inserted on fiber 20 towards 
East. 

[0061] The traffic added by East interface 64 must be 
inserted in the West-East direction on fiber 20, along 

35 connection 26, and therefore is referred hereinafter as 
the W-E add working traffic. The W-E add working traffic 
is presented to both selectors 50 and 56. According to 
the state of the node, selector 56 routes this add traffic 
to multiplexer 42, which in tum combines it with the out- 

40 put of selector 58 and inserts the multiplexed channels 
towards East along fiber 20. Position of selector 50 dis- 
allows W-E add working traffic to be inserted on the pro- 
tection channel on fiber 20 towards West. 
[0062] The West-East protection traffic is routed from 

45 demultiplexer 40 to multiplexer 42 by selector 58, and it 
cannot be dropped at East interface because of the po- 
sition of selector 54. The W-E protection traffic is rein- 
serted on connection 34 and its content is unchanged, 
as it is not subjected to add/drop operations at node 10. 

50 Position of selector 58 disallows add traffic from being 
presented to multiplexer 42 by interface 62. 
[0063] Regarding traffic on fiber 22, associated with 
the East-West direction with respect to node 10, demul- 
tiplexer 44 separates the traffic arriving at node 10 ac- 

55 cording to the wavelength, into working traffic (herein- 
after called the E-W drop working traffic), and protection 
traffic (hereinafter called the E-W drop protection traffic). 
The E-W drop working traffic is then directed to selectors 
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48 and 54 for routing according to the state of the node. 
In this case, E-W drop worl^ing traffic is directed by se- 
lector 54 to the East interface 64, and dropped to the 
service platform. Position of selector 48 prohibits E-W 
traffic to be inserted on fiber 22 towards West. 
[0064] The traffic added by West interface 62 must be 
inserted in the East-West direction on fiber 22, along 
connection 26, and therefore is referred hereinafter as 
the E-W add working traffic. The E-W add working traffic 
is presented to both selectors 48 and 58. In this case, 
selector 48 routes this add traffic to multiplexer 46, 
which in turn combines it with the output of selector 50 
and inserts the multiplexed channels towards East 
along fiber 22. Position of selector 58 disallows E-W add 
working traffic to be inserted on the protection channel 
on fiber 20. 

[0065] The East-West protection traffic is routed from 
demultiplexer 44 to multiplexer 46 by selector 50, and it 
cannot be dropped at East interface 62 due to the posi- 
tion of selector 52. The E-W protection traffic is reinsert- 
ed on channel Z and its content remains unchanged, as 
it is not subjected to add/drop operations at node 10. 
[0066] If a node is not accessing a particular channel, 
this node does not require access to the protection 
switching protocol for this channel since it never partic- 
ipates in the switching associated with this channel. Fig- 
ure 7 shows node 10 operating in apassthrough (pass- 
thru) mode, i.e. where it is not accessing a particular 
channel. In this case, selectors 48, 50, 56, 58 are set as 
shown, while selectors 52 and 54 disallow communica- 
tion with the respective West and East interfaces 62 and 
64 in both add and drop directions. 
[0067] For the West-East direction associated with 
fiber 20, W-E working traffic is separated from the pro- 
tection channel by demultiplexer 40, and selector 56 
routes it to input of multiplexer 42 as shown. Selector 
52 disallows W-E working traffic from being dropped at 
the West interface 62, while selector 56 disallows any 
add working traffic from being presented to multiplexer 
42 by East interface 64. Similarly, the protection traffic 
is routed from demultiplexer 40, through selector 58 to 
the input of multiplexer 42. Selector 58 disallows any 
add traffic from being presented to multiplexer 42 by in- 
terface 62, and selector 54 disallows E-W protection 
traffic to be presented to East interface 64. Multiplexer 
42 multiplexes the working and protection channels onto 
fiber 20 towards East direction. 

[0068] The arrangement is similar in the reverse 
(East-West) direction associated with fiber 22. Thus, E- 
W working traffic is separated from the protection chan- 
nel by demultiplexer44, andselector48 routes it to input 
of multiplexer 46 as shown. Selector 54 disallows E-W 
working traffic from being dropped at the East interface 
64. Similarly, the protection traffic is routed from the de- 
multiplexer 44, through selector 50 to the input of mul- 
tiplexer 46. Selector 52 disallows E-W protection traffic 
from being dropped at West interface 62. Multiplexer 46 
multiplexes the working and protection channels onto 



fiber 22 towards the West direction. 
[0069] As indicated above, the integrity of the traffic 
carried by a respective working channel is monitored at 
each terminal node, according to traffic-specific mech- 

5 anisms, or according to a physical layer mechanism. To 
this end, the nodes are equipped with the integrity mon- 
itor and protection arbitrator 60, which also communi- 
cates with other terminal nodes for the respective chan- 
nel via a protection switching coordination protocol 68 

10 shown in Figure 5 and described above by way of ex- 
ample. 

[0070] If the arbitrator 60 detects that, for example, 
the incoming working channel from the West has failed, 
and that the incoming protection channel from the East 
15 is operating satisfactorily, then it will control the protec- 
tion selectors to connect the failed working channel to 
the East protection channel. 

[0071] Figure 8 shows the position of selectors at a 
node in the case of a failure on the West side, also re- 

20 ferred herein as a West-side failure mode of operation. 
Such is the case for node 16 for example, in the failure 
scenario shown in Figure 4. In this example, after the 
nodes 16 and 18 adjacent to the failure detect that con- 
nections 28 and 30 on cables 20 and 22 are interrupted, 

25 protection arbitrator 60 instructs nodes 18 and 16 to 
adopt a protection switched state. Now, node 18 inserts 
the working traffic for node 16 along fiber 20, on protec- 
tion connection 34, as shown in Figure 4. Consequently, 
node 16 receives the traffic form East, rather than from 

30 West, and from the protection channel along fiber 20, 
rather than on the working channel along fiber 22. Sim- 
ilarly, node 16 inserts the working traffic for node 18 
along fiber 22, on protection connection 31 as shown in 
Figure 4, and node 16 receives the traffic form East, on 

35 fiber 20. 

[0072] To achieve the protection switched state for a 
West-side failure, selectors 48 and 50 adopt a position 
in which no signal is presented to multiplexer 46 that 
normally inserts the working and protection channels to- 

40 wards West. Inthisway, no signal is transmitted towards 
the point of failure. The drop traffic for node 16 arrives 
on fiber 20 to demultiplexer 44, which separates the 
working and protection channels. Since the drop traffic 
arrives on the protection connection 33, selector 52 con- 

45 nects the protection channel 33 to the West add/drop 
interface 62. Selector 54 on the other hand is positioned 
to direct the E-W drop traffic normally arriving at this 
node on the working channel X. It is to be noted that in 
the example of Figure 4, there is no traffic on channel 

50 W arriving at node 1 6 from East. 

[0073] Regarding the traffic from node 16 to node 18, 
which is normally inserted on the working channel along 
fiber 20 towards West, this add traffic is now directed by 
selector 58 on protection connection 31 along fiber 22 

55 towards East. The traffic added by East interface on the 
other hand is routed by selector 56 on the working chan- 
nel X along fiber 22 towards East. 
[0074] Figure 9 illustrates a similar scenario for the 
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case of a failure at the East side of a node, also referred 
herein as a East-side failure mode of operation. Such a 
case is illustrated in Figure 5, where the failure is at the 
east of node 10. In such a case, the traffic for node 14 
is inserted at node 10 on the protection connection 31 
along fiber 22, from West, while the traffic from node 14 
is received at node 10 on the protection connection 35 
along fiber 20, from East. Selectors 48, 50, 52 and 54 
are positioned as shown in Figure 9, while selectors 58 
and 56 do not allow any signals to arrive at the multi- 
plexer 42 for insertion towards the failure point. 



Claims 

1. A fiber optic communications system comprising a 
plurality of nodes arranged in a ring, multiplexing 
means for establishing a plurality of channels on 
said ring, means at said nodes for adding/dropping 
channels allocated thereto to permit non-overlap- 
ping connections between pairs of end nodes allo- 
cated to the same channel, means for establishing 
a shared protection channel around said ring for 
each allocated working channel, and means at said 
end nodes for transferring traffic to said protection 
channel on a per-connection basis in the event of a 
fault on any connection between a pair of nodes. 

2. A fiber optic communications system as claimed in 
claim 1, further comprising at each input to each 
node demultiplexer means for separating a working 
channel and its associated protection channel, at 
each output to each mode multiplexer means for 
multiplexing said working channel and its associat- 
ed protection channel, and selection means be- 
tween said demultiplexer means and said multiplex- 
er means for switching traffic between said protec- 
tion channel and said working channel in the event 
of a fault on the ring. 

3. A fiber optic communications system as claimed in 
claim 2, wherein said add/drop means comprises 
an add/drop interface for each ring direction. 

4. A fiber optic communications system as claimed in 
claim 1 wherein said nodes communicate via a pro- 
tection switching coordination protocol to learn of 
faults in the ring. 

5. A fiber optic communications system as claimed in 
claim 1 , means for transferring traffic comprises a 
protection arbitrator which communicates with oth- 
er nodes in the ring via said protection switching co- 
ordination p. 

6. A path switched shared protection ring PSSPR of a 
plurality of ADM nodes comprising: 



at a first pair of nodes, means for establishing 
a fist-type bi-directional connection between 
the nodes of said first pair, for exchanging a first 
class traffic; 

5 at all nodes, means for establishing a first ded- 

icated bi-directional shared protection connec- 
tion around said ring, associated with said first- 
type connection; 

means for changing the mode of operation of 
10 the nodes of said first pair between a normal 

mode of operation and a failure mode of oper- 
ation in the event of a fault; and 
means for monitoring the integrity of the infor- 
mation carried by said first class traffic between 
15 the nodes of said first pair, for detecting said 

fault and for controlling said means for chang- 
ing accordingly. 

7. A path switched shared protection ring PSSPR of a 
20 plurality of ADM nodes comprising: 

at a first pair of nodes, means for establishing 
a fist-type bi-directional connection between 
the nodes of said first pair, for exchanging a first 

25 class traffic; 

at a second pair of nodes, means for establish- 
ing an additional fist-type bidirectional connec- 
tion between the nodes of said second pair, for 
exchanging a second class traffic; 

30 at all nodes, means for establishing a first ded- 

icated bi-directional shared protection connec- 
tion around said ring, associated with said first- 
type connection; 

means for changing the mode of operation of 
35 the nodes of one of said first pair and said sec- 

ond pair between a normal mode of operation 
and a failure mode of operation in the event of 
a fault; and 

means for monitoring the integrity of the infor- 
40 mation carried by said first class traffic and said 

second class traffic, for detecting said fault and 
for controlling said means for changing accord- 
ingly, 

wherein said additional first-type connection 
45 and said first-type connection do not overlap 

along any sector of said ring; and 

8. A PSSPR as claimed in claim 7, wherein said first 
class traffic and said second class traffic are char- 
so acterized by a respective transmission protocol. 

9. A PSSPR as claimed in claim 7, wherein said first 
class traffic and said second class traffic are each 
characterized by a same transmission protocol. 

55 

10. A PSSPR as claimed in claim 7, further comprising: 

at a further pair of nodes, means for establish- 
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ing a second-type bidirectional connection be- 
tween the nodes of said further pair; and 
at all nodes, means for establishing a second 
dedicated bi-directional shared protection con- 
nection around said ring, associated with said s 
second-type connection. 

11. A PSSPR as claimed in claim 6, wherein said first- 
type connection is established along a WDM chan- 
nel having a first wavelength and said first shared io 
protection connection is established along a WDM 
channel having a reserved wavelength. 

12. A PSSPR as claimed in claim 7, wherein said first- 
type connection, said additional first-type connec- <5 
tion are established along a WDM channel having 

a first wavelength, and said first shared protection 
connection is established along a WDM channel 
having a reserved wavelength. 

20 

13. A PSSPR as claimed in claim 6, wherein said first- 
type connection is established along a first allocat- 
ed TDM time-slot and said first shared protection 
connection is established along a first reserved 
TDM time-slot. 25 

14. A PSSPR as claimed in claim 7, wherein said first- 
type connection and said additional first-type con- 
nection are established along a first allocated TDM 
time-slot and said first shared protection connection so 
is established along a first reserved TDM time-slot. 

15. A PSSPR as claimed in claim 6, wherein said 
means for changing comprises a protection arbitra- 
tor distributed between the nodes of said first pair 35 
and said further pair, operating according to a pro- 
tection switching coordination protocol. 

16. A PSSPR as claimed in claim 6, wherein said 
means for monitoring comprises an integrity moni- 40 
tor specific to said first class traffic. 

17. A PSSPR as claimed in claim 7, wherein said 
means for monitoring comprises a first integrity 
monitor specific to said first class traffic and a sec- 
ond integrity monitor specific to said second class 
of traffic. 

18. An ADM node for a path switched shared protection 
ring comprising: so 
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ing East fiber for routing an Eastbound add sig- 
nal from said service platform to said second 
node, when said node operates in one of a nor- 
mal, a passthrough and a West-side failure 
modes of operation; 

a second West selector unit connected to an 
incoming West fiber for routing an Eastbound 
drop signal from said second node to said serv- 
ice platform, when said node operates in one 
of a normal and an East-side failure modes of 
operation; and 

a second East selector unit connected to an in- 
coming East fiber for routing an Westbound 
drop signal from said second node to said serv- 
ice platform, when said node operates in one 
of a normal, and a West-side failure modes of 
operation. 

19. An ADM node as claimed in claim 1 8, wherein said 
first West selector unit comprises: 

a West multiplexer connected to said outgoing 
West fiber for multiplexing said Westbound add 
signal with a Westbound protection signal; 
afirst West selector for routing said Westbound 
add signal form a West-side output port of said 
service platform to said West multiplexer in said 
normal and said East-side failure modes of op- 
eration, and routing said Westbound drop sig- 
nal to said West multiplexer in said passthrough 
mode of operation; and 
a second West selector for routing said West- 
bound protection signal from said second East 
selector unit to said West multiplexer in said 
normal and said passthrough modes of opera- 
tion, and routing said Westbound add signal 
from an East side output port of said service 
platform to said West multiplexer in said East- 
side failure mode of operation. 

20. An ADM node as claimed in claim 1 8, wherein said 
first East selector unit comprises: 

an East multiplexer connected to said outgoing 
East fiber for multiplexing said Eastbound add 
signal with an Eastbound protection signal; 
afirst East selector for routing said Eastbound 
add signal form an East-side output port of said 
service platform to said East multiplexer in said 
normal and said West-side failure modes of op- 
eration, and routing said Eastbound drop signal 
to said East multiplexer in said passthrough 
mode of operation; and 
a second East selector for routing said East- 
bound protection signal from said second West 
selector unit to said East multiplexer in said nor- 
mal and said passthrough modes of operation, 
and routing said Eastbound add signal from a 



a first West selector unit connected to an out- 
going West fiber for routing a Westbound add 
signal from aservice platform to asecond node, 
when said node operates in one of a normal, a ss 
passthrough and an East-side failure modes of 
operation; 

afirst East selector unit connected to an outgo- 
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West-side output port of said service platform 
to said East multiplexer in said West-side fail- 
ure mode of operation. 

21 . An ADM node as claimed in claim 1 8, wherein said 
second East selector unit comprises: 

an Eastdemultiplexerconnected to said incom- 
ing East fiber for separating said westbound 
drop signal from a Westbound protection sig- 
nal; and 

atlnird East selector for routing said Westbound 
drop signal form said East demultiplexer to an 
East-side input port of said service platform in 
said normal and said West-side failure modes 
of operation, and routing said Westbound drop 
signal to said first West selector unit in said 
passthrough mode of operation. 

22. An ADM node as claimed in claim 1 8, wfierein said 
second West selector unit comprises: 

a West demultiplexer connected to said incom- 
ing West fiber for separating said Eastbound 
drop signal from an Eastbound protection sig- 
nal; and 

a third West selector for routing said Eastbound 
drop signal form said West demultiplexer to an 
West-side input port of said service platform in 
said normal and said East-side failure modes 
of operation, and routing said Eastbound drop 
signal to said first East selector unit in said 
passthrough mode of operation. 

23. A method of operating a fiber optic communications 
system having a plurality of nodes arranged in a 
ring, comprising the steps of: 

selecting at least a first and a second pairs of 
nodes and establishing a first-type correspond- 
ing first and second non-overlapping connec- 
tion on said ring; 

establishing a shared protection connection 
around said ring for said first type non-overlap- 
ping connections; and 

transferring traffic from said first connection to 
said protection channel, in the event of a fault 
on said first connection. 

24. A method as claimed in claim 23, wherein said pro- 
tection connection is passed through each node in 
the absence of failures on the ring. 

25. A method as claimed in claim 23, wherein each 
node comprises a protection arbitrator for detecting 
said fault and controlling transfer of traffic from said 
first connection to said protection connection. 
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26. A method as claimed in claim 25, wherein said pro- 
tection arbitrator communicates with other nodes 
on the ring over said protection channel using a pro- 
tection switching coordination protocol. 

5 

27. A method as claimed in claim 23, further comprising 
transferring traffic on said second connection to 
said protection channel, in the event of a fault on 
said second connection. 

10 



15 



25 



30 



35 



40 



45 



50 



EP 0 949 777 A2 



10 



EP 0 949 777 A2 




11 



EP 0 949 777 A2 




12 



EP 0 949 777 A2 




13 



EP 0 949 777 A2 




14 



EP 0 949 777 A2 




15 



EP 0 949 777 A2 




16 



EP 0 949 777 A2 




17 



